SUMMARY Eighty patients with duodenal ulcer were randomly allocated to treatment with tripotassium dicitrato bismuthate (TDB) tablets or cimetidine. Ulcers healed in 78% of patients treated with TDB and in 74% treated with cimetidine, supporting previous observations that the efficacy of these-two agents is similar. Duodenal ulcer recurred in 43% of patients in the 12 months after treatment with TDB and in 78% of patients treated with cimetidine, with a significantly greater incidence of recurrence 6-12 months after cimetidine treatment. Tripotassium dicitrato bismuthate tablets may be preferable to cimetidine in the initial management of duodenal ulcer, because they offer a smaller likelihood of recurrence in the 12 months after successful treatment.
Tripotassium dicitrato bismuthate (TDB) is established as an effective agent in the management of duodenal ulcers and several studies comparing TDB with H2-histamine receptor antagonists have demonstrated that these two treatments are capable of healing similar proportions of duodenal ulcers. [1] [2] [3] [4] [5] Some such studies have also shown a decrease in the frequency or rapidity of recurrence of duodenal ulcer after treatment with TDB, when compared with cimetidinel or ranitidine,2 but the significance of this observation has been controversial, particularly as other authors have failed to confirm that the initial treatment for duodenal ulcer influences the rate of recurrence. 5 We have previously reported a randomised study comparing TDB tablets with cimetidine in the treatment of duodenal ulcer3 and have now extended that study to include sufficiently large numbers of patients to permit evaluation both of the efficacy of TDB and cimetidine in treatment and of the recurrence of duodenal ulcer in the 12 months after successful treatment with these two agents.
12 months after the end of therapy, or at the earlier development of symptoms, regardless of severity. Some patients in each group attended early for their final clinical and endoscopic review because of denal ulcer were allocated by prior stratified randomisation to receive treatment with either TDB tablets (1 tablet tds half an hour before meals and 1 at night two hours after eating), or cimetidine (200 mg tds and 400 mg nocte) for six weeks. Treatment started within one week of endoscopic diagnosis. All patients who had been taking TDB, H2-histamine receptor antagonists, or carbenoxolone in the three months before diagnosis, or in whom previous treatment with TDB or cimetidine had been unsuccessful, were excluded from the study, as were patients who previously had gastroduodenal surgery. All subjects recorded symptoms and antacid consumption daily on diary cards. Endoscopy was repeated during the final week of treatment to determine ulcer healing, which required complete duodenal re-epithelialisation. Those patients with superficial duodenal ulceration or erosions persisting after treatment were classed as treatment failures. Patients whose ulcers healed during treatment were not offered maintenance therapy, but were asked to return for clinical review three, six, and 12 A double blind double dummy technique was not used, but the study remained blind, vigorous precautions being taken to ensure that all participating clinicians were not aware of the treatment taken by any patient.
Consecutive patients were allocated a number and were issued with the corresponding numbered sealed treatment pack by the hospital pharmacy. Allocation of numbers to treatment groups was by prior randomisation stratified in blocks of 10 to ensure approximately equal distribution of treatments. The study was conducted in two consecutive groups each of 40 patients, and the code detailing the treatment contained in each numbered pack was not broken by any patient until the completion of the entire study for that group of 40 patients. This device allowed interim analysis of the study after completion of the first 40 patients without influencing the results obtained from the remaining patients since each group was entirely independent.
All clinical and endoscopic evaluations were done independently by clinicians who were not aware of the treatment group to which patients were allocated. Thus this was a single blind controlled study.
Groups were compared statistically using x2 or Student's t test as appropriate, and ulcer recurrence curves compared using the Mantel-Haenszel log rank test.
Results
Forty one patients were allocated to treatment with TDB and 39 to cimetidine. Groups were comparable with respect to age, sex, duration of history, and previous treatment with either TDB or cimetidine (Table 1) . Ulcers healed in 33 (81%) treated with TDB and 29 (74%) treated with cimetidine (NS).
Symptomatic relief was also similar in the two groups. Unwanted effects occurred in seven patients taking TDB (headache (two), sore throat (two), diarrhoea, anorexia, and dizziness), and in eight taking cimetidine (tiredness (two), diarrhoea, constipation, headache, weight loss, nausea, dry mouth). Reversible staining of the mouth occurred in 24 of those taking TDB and was confined to this group. No patient was withdrawn from the study because of unwanted effects, but one patient treated with cimetidine needed surgical treatment for haemorrhage from persisting ulceration during the final week of treatment and is classified as a failure of treatment.
Smoking habit did not influence healing of Thirty of 33 patients whose ulcers had healed during treatment with TDB attended for review at three months, and 24 completed the study to an end point of either confirmed ulcer recurrence or confirmed remission at final review, two patients withdrawing six months after completion of treatment and a further four failing to attend for final review. Ulcers had recurred in three patients (10%) at three months, in six of the remaining 25 (24%) at six months, and in a further four of 15 attending for final review. Thus the cumulative ulcer recurrence rate was 10% at three months, 30% at six months and 43% at 12 months. Eleven patients were in endoscopically confirmed remission at final review ( Table 2) .
Of the 29 successfully treated with cimetidine, 23 attended for review at three months and 18 completed the study, four withdrawing at six months and one at final review. Four (17%) suffered recurrence of ulceration by three months and six of the remaining 15 (40%) at six months. Recurrence of ulcer at these times does not differ significantly from patients treated with TDB. At final review ulcers had recurred in all the remaining eight patients and none were in remission. At 12 months the cumulative recurrence rate of 78% in cimetidine treated patients is significantly greater than the 43% recurrence rate in those treated with TDB (p<0.01). This analysis assumes that patients withdrawing from the Excluding all patients who withdrew from the study during follow up, ulcers recurred in 13 of 24 TDB treated patients and 11 remained in remission for 12 months, whilst all of the 18 patients treated with cimetidine completing the study suffered recurrent ulcers (p<0.001).
In view of the variable number of patients in each group withdrawing from the study the recurrence of duodenal ulcer, in each treatment group over the period of follow up has been compared using life table techniques. The probability of being in remission has been plotted against time after completion of treatment, both assuming that withdrawal from the study is unrelated to recurrence of ulceration ( Fig. 1) and assuming that withdrawal is indicative of relapse (Fig. 2) . Analysis of these curves by 2-tailed log rank test shows a statistically significant difference in favour of TDB in each case (p<0-02 for Figure 1 , p<001 for Figure 2 ). Calculation of confidence intervals from the data presented in Figure 1 (assuming withdrawal is independent of relapse) shows the observed frequency of recurrent ulceration at 12 months to be compatible with a reduced incidence of recurrence of between 17% and 61% in patients treated with TDB when compared with those treated with cimetidine, while if withdrawal is indicative of recurrence (Fig. 2) the reduction in recurrence after TDB treatment lies between 10% and 48%.
The majority of recurrences of ulceration were symptomatic, with only two asymptomatic recurrences in each group. Age, sex, duration of ulcer history and smoking habit were similar in patients in whom ulcers recurred to those continuing in remission.
Discussion
Tripotassium dicitrato bismuthate tablets appear to be as effective as cimetidine in healing duodenal ulcers during six weeks' treatment, confirming our preliminary observations in the first 40 of these patients3 and supporting previous suggestions that the efficacy of TDB is comparable with that of H2-histamine receptor antagonists.1-5 Confidence intervals calculated from the results observed in this study show these results to be consistent with a 15% advantage for cimetidine in healing duodenal ulcer, or with a 23% advantage for TDB.
As TDB and cimetidine are able to heal similar proportions of duodenal ulcer with few unwanted effects, the ability to induce a more prolonged remission might prove to be a considerable advantage in the treatment of duodenal ulcer. We have ._2 .c healing on cimetidine.'1 Bianchi-Porro has recently observed a recurrence rate of duodenal ulcer treated with TDB and subsequently given no maintenance treatment to be similar to that occurring whilst patients treated with H2-histamine receptor antagonists were continuing to take maintenance treatment with cimetidine.12
Whilst the time at which a smaller ulcer relapse rate occurred differs in this study from the multicentre comparison,2 both studies confirm the initial observation that recurrence was less frequent in the 18 months after treatment with TDB than with cimetidine,l although this observation was based on incomplete endoscopic observation, and its clinical significance has been uncertain, particularly as Kam and Piper failed to confirm a difference in recurrence rates in a similar study,5 perhaps reflecting differences in ulcer disease between populations. Calculation of the confidence limits for a difference in ulcer recurrence from the results of that study,5 however, shows the observed frequency of recurrent ulceration to be compatible with a 3% reduction in recurrence in patients treated with cimetidine, or with a 28% reduction in recurrence in those treated with TDB, whilst similar calculation from the results reported by Martin et all suggest the advantage in favour of TDB to lie between 22% and 68%. The smaller number of patients studied by Van Trappen4 yield confidence limits between 3% advantage for cimetidine and 50% advantagefor TDB. The results of each of these comparative studies are therefore compatible with TDB offering a 20% reduction in duodenal ulcer recurrence in the 12 months after successful healing and our results support this possibility.
Although the number of patients remaining in each treatment group six months after completing treatment was small due to earlier ulcer recurrence and withdrawal by the patient, the statistical techniques used take account of the changing size of the population, and the numbers are sufficient to demonstrate statistical significance between groups. The treatment groups were similar with respect to length of history and duration of recent symptoms, smoking habit and age, and these factors cannot explain the observed decrease in relapse rates. The design of this study may be criticised because a double blind double-dummy technique was not used. Such a design would have involved each patient in taking nine tablets daily and we believe this would be likely to reduce compliance, particularly in a study requiring large numbers of patients and prolonged follow up. The design used enabled the interim assessment of results when half the patients had completed the study without affecting the validity of the results obtained in the remaining 
patients, and ensured that all clinicians involved in entry and assessment of patients were not aware of the treatment group to which patients were assigned. Thus, this design was adopted to reduce the possibility of bias and the possibility of error due to poor compliance. Despite this precaution a considerable number of patients withdrew from the study during the 12 months after completion of treatment. Withdrawal may have been due to continuing freedom from symptoms, or to relapse with recurrent symptoms prompting a desire to seek alternative advice. We have therefore analysed our results assuming each of these explanations to be correct. We believe that duodenal ulcer recurrence may depend in part on the treatment used to induce initial healing, and that in this respect at least TDB tablets may have an advantage over cimetidine in the treatment of duodenal ulcer, because they are as likely to induce healing, yet offer a possibility of the patient remaining in remission over the next 12 months, a possibility which cimetidine was not able to offer in this study. All patients who had been taking TDB, H2-histamine receptor antagonists, or carbenoxolone in the three months before diagnosis, or in whom previous treatment with TDB or cimetidine had been unsuccessful, were excluded from the study, as were patients who previously had gastroduodenal surgery. All subjects recorded symptoms and antacid consumption daily on diary cards. Endoscopy was repeated during the final week of treatment to determine ulcer healing, which required complete duodenal re-epithelialisation. Those patients with superficial duodenal ulceration or erosions persisting after treatment were classed as treatment failures. Patients whose ulcers healed during treatment were not offered maintenance therapy, but were asked to return for clinical review three, six, and 12 months after completion of treatment, or at any intermediate stage if they developed recurrent symptoms. Endoscopy was repeated in all patients 12 months after the end of therapy, or at the earlier development of symptoms, regardless of severity. Some patients in each group attended early for their final clinical and endoscopic review because of...
